Increasing evidence shows involvement of psychological disorders in functional dyspepsia (FD), but how psychological factors exert their influences upon FD remains largely unclear. The purpose of the present study was to explore the brain-based correlations of psychological factors and FD.
Introduction
Functional dyspepsia (FD), one of the most common functional gastrointestinal disorders (FGID), is defined by the upper gastrointestinal syndromes in the absence of associations with obvious organic abnormalities. 1 The clinical symptoms of this disorder mainly include recurrent upper abdominal fullness, early satiety, nausea and upper abdominal pain, which represent the patient's condition. 1 Aside from suffering cardinal dyspepsia symptoms, patients with FD usually experienced higher scores of psychological aspects and stressful situations. [2] [3] [4] For instance, anxiety and depression scores were often displayed above the normal range. 2, 3 However, what role psychological factors play in symptom generation of FD patients has not been completely elucidated.
An earlier dominant theory stated that psychological disorders merely increased the health-care-seeking behavior and utilization of medical services in FGID patients, 5 suggesting that psychosocial factors may distinguish those that seek medical help from those that do not. In recent years, increasing evidence showed that the psychological components were partly relevant to gastrointestinal functions and symptoms. [6] [7] [8] [9] Moreover, anxiety or depression at baseline, found in a longitudinal study, predicted the presence of gastrointestinal symptoms after a 12-year follow-up. 9 These studies suggested that the importance of psychological elements in the FD patients who frequently consult a physician. Recently, the advances of imaging technologies have provided a foundation for the study of psychological factors in FD patients. 10 The Leuven group used H 2 15 O-PET to investigate the relationship between regional activity and anxiety scores in FD patients. 11 They found anxiety scores correlated with patients' brain activity in the pregenual anterior cingulate cortex (ACC)/middle cingulate cortex (MCC) and dorsal pons. 11 In addition, our previous study adopted tract-based spatial statistics to identify the abnormal alterations of the brain white matter in FD patients, and found that the inclusion of anxiety/depression scores as covariates removed some abnormalities of the microstructure measures including fractional anisotropy, mean diffusivity, axial diffusivity and radial diffusivity. 12 The results suggested that anxiety and depression could account for a part of the white matter changes in FD patients. 12 The above studies provided important insight on the role of psychological factors in FD. However, whether the observed central alterations are just a consequence of abnormal bottom-top signaling from the gastrointestinal tract to the brain remains to be elucidated. Van Qudenhove and his colleague 13 provided a summary of epidemiological studies that showed a relationship between FD and psychological/psychiatric disorders. They proposed an integrated biopsychosocial model of FD, supporting the notion that psychological disorders may induce a failure of the sensory filtering process causing an increase in physiological sensory signals within homeostatic-interoceptive regions. 13 The defective sensory filtering may impair the functions of the gastrointestinal tract, such as food intake and perception of visceral stimuli. 13 This model provided potential evidence for the phenomena that anxiety/depression was significantly correlated with the severity of symptoms in FGID patients. 14, 15 It is also supportive of the possibility that psychological factors are involved in the development of FD via homeostatic-interoceptive regions. Hence, we hypothesized that psychological variables may be interconnected with the dyspeptic symptoms via neural signals.
To test our hypothesis, we examined the cerebral glycometabolism of 40 FD patients and 20 gender-and age-matched healthy subjects via fluorine-18-deoxyglucose positron emission tomography-computed tomography (PET-CT). First, we wanted to validate whether or not the altered central signals were merely a consequence of aberrant signaling from the upper abdomen to the brain in FD patients. Second, we aimed to test whether or not anxiety and depression were one of influencing factors on FD via neural signals. 
M aterials and M ethods
All subjects signed written informed consents before the study. This study protocol was approved by the Ethics Committee of Chengdu University of Traditional Chinese Medicine (No. 2011KL003).
Subjects
Forty FD patients and twenty healthy volunteers who served as controls were included in this study. Their ages ranged from 20 to 30 years (Table) . All subjects underwent a series of physical and psychological assessments including a history of diseases and medication, gastrointestinal endoscopy, upper abdominal ultrasound and electrocardiogram, and an evaluation of mental health. None of the healthy controls showed gastrointestinal signs or a history of other serious disease. The patients were recruited according to Rome III criteria, 1 and were excluded from the study if they met any one of the following criteria: (1) suffering from ulcers or erosive gastroduodenal lesions, gastric atrophy, cholecystitis or esophagitis; (2) having a history of drug abuse or trauma with loss of consciousness; (3) having experienced neurological or psychiatric disorders; (4) having respiratory, cardiovascular, renal or hepatic illness; (5) having other serious co-morbidities; and (6) being pregnant or lactating.
Instruments
Each patient completed a dyspepsia symptom questionnaire and a Nepean dyspepsia index. 16, 17 The major dyspeptic symptoms were assessed using a four item symptom questionnaire, which scores postprandial abdominal fullness or discomfort, early satiety, epigastric pain and burning on a four point scale. A higher score represents more severe dyspepsia complaints. The Nepean dyspepsia index evaluates the patient's quality of life in 25 dimensions on a five point scale. A higher score indicates better quality of life. Anxiety and depression were estimated using the Self-rating anxiety scale (SAS) 18 and Self-rating depression scale (SDS). 19 In the Chinese norm, SAS less than 50 and SDS less than 53 are considered to be in the normal range. 20, 21 To determine the effects of anxiety and depression, FD patients were divided into two subgroups 20, 21 : patients without anxiety/depression symptoms (SAS < 50 and SDS < 53) and patients with anxiety/depression symptoms (SAS ≥ 50 or SDS ≥ 53), denoted by SAS/SDS (−) and SAS/SDS (+) separately.
Positron Emission Tomography-Computed Tomography Data Acquisition
The scan was performed on a Biograph Duo BGO scanner (Siemens, Munich, Germany) at the PET-CT center, Sichuan Provincial People's Hospital, Chengdu, China. Only one subject participated in the experiment per day. After the overnight fast, the subject checked his/her blood sugar level and blood pressure at 8 AM. Then, he/she was shown to a darkroom and sat there quietly for 20 minutes. Next, the participant was given an intravenous injection of fluorine-18 fluorodeoxyglucose (a tracer, synthesized with a Mini Tracer accelerator 0.11 MCi/kg dosage) on the back of the right hand. After a 40-minute rest for the uptake period, a PET-CT scan was performed with the subject's ears plugged, eyes blindfolded and head immobilized. During the scan, he/she was asked to neither fall asleep nor concentrate on a specific thing. The scan images were paralleled to a horizontal plane through the anterior commissure and posterior commissure line.
The data acquisition was implemented with the following parameters: 3-dimensional collection mode, 3 mm slice thickness, 1.5 mm slice interval, 256 × 256 matrix size and 3 × 10 9 total counts. The scan covered the whole brain and the collected data were reconstructed using ordered subset expectation maximization (6 iterations and 16 subsets).
Data Preprocessing
Data analysis was implemented using SPM8 (statistical parametric mapping software; The MathWorks, Inc, Natick, MA, USA; http://www.fil.ion.ucl.ac.uk/spm/). The images for each participant were corrected for small movements, spatially normalizing to the Montreal Neurological Institute template space with a 2 mm isotropic resolution and smoothing with an isotropic Gaussian kernel of 6 mm full width at half maximum. The relative brain radioactivity (regional radioactivity/the global mean value) was used as an indicator of cerebral glucose metabolism.
Statistical Methods
The analysis of the clinical data was carried out using SPSS software (version 17.0, SPSS Inc, Chicago, IL, USA) and MATLAB (2010b, The Mathworks Inc).
To evaluate the brain changes, we performed the group-level contrasts of the image analysis by using a two-sample t test (P < 0.001, family-wise error [FWE] corrected) in SPM8. To distinguish the potential effect of dyspepsia from that of psychological factors on cerebral glucose metabolism, the dyspepsia symptoms and SAS/SDS used as covariates were controlled alternately using a linear regression model. The mean value of regional glycometabolism of each patient was extracted and correlated with the clinical variables using the Pearson's correlation coefficient.
Results
Clinical characteristics of healthy group and 2 subgroups of FD patients are shown in Table.
Functional Dyspepsia Patients Versus Healthy Controls
Compared with healthy controls, FD patients (Fig. 1A) displayed increased glycometabolism within medial frontal cortex (medFC), middle frontal cortex (midFC), superior frontal cortex (SFC), inferior frontal cortex, orbito-frontal cortex, ACC, MCC, posterior cingulate cortex, insula, amygdala, parahippocampal cortex, hippocampus, pallidus, putamen, caudate, hypothalamus, thalamus and somatosensory cortices, as shown in Supplementary Table. However, there was no significantly decreased brain glycometabolism in FD patients.
Functional Dyspepsia Patients Versus Controls With a Covariate
After controlling for the dyspeptic symptoms, group differences between FD patients and controls were removed or reduced within multiple regions ( Fig. 1 and Supplementary Table) , but they persisted within the bilateral midFC, bilateral medFC, bilateral SFC, bilateral ACC, bilateral insula, right MCC, left putamen and bilateral SI/SII (Fig. 1B and Supplementary  Table) . Moreover, SAS and SDS correlated markedly with the levels of glycometabolism within the remaining regions including the left insula, right ACC, right MCC and left midFC (Fig. 2) .
After controlling for the SAS/SDS score, no significant Figure 2 . Correlation analysis of cerebral glycometabolism against the anxiety/depression score in functional dyspepsia patients. SAS, Self-rating anxiety scale; SDS, Self-rating depression scale; ACC, anterior cingulate cortex; MCC, middle cingulate cortex; midFC, middle frontal cortex. group difference was found at P < 0.001 after correction with FWE.
Both Subgroups of Functional Dyspepsia Patients Versus Controls
In contrast to controls, SAS/SDS (−) revealed significantly increased cerebral glycometabolism within multiple regions including the left insula, right ACC, right MCC and left midFC (Fig. 3A) . Interestingly, the metabolic differences in the insula, ACC, MCC and midFC disappeared when controlling for dyspeptic symptoms and persisted after controlling for anxiety and depression scores. The results corresponded to the clinical features: SAS/SDS (−) group and healthy group showed no significant difference in SAS and SDS (Table) .
As expected, the SAS/SDS (+) group exhibited wider changes in glycometabolism relative to the healthy group, as opposed to the SAS/SDS (−) group (Fig. 3B) . However, the metabolic differences between the SAS/SDS (+) group and healthy group in the insula, ACC, MCC and midFC disappeared regardless of anxiety/depression scores or the presence of dyspeptic symptoms as covariates.
Although the increase of cerebral glycometabolism relative to healthy controls seemed greater in SAS/SDS (+) group than in SAS/SDS (−) group, given the significance threshold (P FWE-corrected < 0.001), the subgroups of FD patients showed no significant differences.
Discussion
Our study focused on the correlations of psychological factors and dyspeptic symptoms grounded on cerebral glycometabolism, aiming to investigate the effects of anxiety/depression at the central level in FD patients. The study might provide a better understanding about the psychological aspects of FD.
In the current study, the metabolic abnormalities in FD patients persisted in the insula, ACC, MCC and midFC after controlling for the dyspepsia symptoms. Moreover, a significant positive correlation was found between anxiety/depression and the glycometabolism within the four regions (Fig. 2) . These results indicated that the brain glucose metabolism in the four clusters may be disrupted by anxiety/depression in FD patients. In previous studies, Osuch et al 22 F-fluorodeoxyglucose. They found that anxiety/depression scores may be related directly to the regional metabolism in the prefrontal cortex (PFC), pregenual ACC as well as both the anterior and posterior insula. 22, 23 The results indicated that the close relationship between anxiety/depression and hypermetabolism/hypometabolism in the insula, ACC and PFC, which supported our results. Therefore, our findings of the abnormal brain metabolism controlled for the dyspepsia symptom in FD patients suggested that the increase in glucose metabolism may be partly an adaptive response to dysfunctional psychology rather than just abnormal signaling from the viscera to the brain. Accumulating studies identified the activated brain sites during visceral stimulation in healthy subjects, 24, 25 investigating the responsiveness of the brain to visceral afferent information. In these studies, the commonly reported regions were the insula, ACC/MCC, PFC, thalamus and SI/SII. These observed regions represented their involvement in ascending projections of visceral afferents. Moreover, Moisset et al 24 investigated the anatomical connection between sites involved in visceral sensations. They found that the neural circuits of visceral perception involved the insula, ACC/MCC, PFC and somatosensory cortices. 24 These studies suggested that the insula, ACC, MCC and PFC may have an intimate relationship with the input from the gastrointestinal tract. In the present study, the metabolic differences between the SAS/SDS (−) and healthy group were also found in the insula, ACC, MCC and midFC regardless of anxiety and depression scores as covariates, but disappeared when controlled for dyspeptic symptoms. The results exhibited correlations between cerebral glycometabolism in the four regions and dyspeptic symptoms. According to previous reports, 13,26 the dyspeptic symptoms represent abdominal signals consciously perceived in the form of pain and/or discomfort. Therefore, our results may suggest the importance of the insula, ACC, MCC and midFC in dyspepsia-related sensations. In a previous study, Phillips et al 27 showed significantly higher brain activation in the insula and ACC as well as significantly greater discomfort and anxiety during esophageal stimuli with fearful faces than with neutral faces, providing first evidence for the neural mechanism underlying the influence of emotional context on symptoms in functional disorders. Although our results may not directly verify the role of psychological factors in visceral sensation, we showed the overlapping regions between dyspepsia symptoms and anxiety/depression. Hence, the psychological factors may be interacted with dyspepsia symptoms with the aid of the brain. This was consistent with the report that the insula, ACC, MCC and PFC straddle the lateral and medial systems of homeostatic pathways, processing sensory-discriminative and affective-motivational aspects of the discomfort perception. 28 Intriguingly, SAS/SDS (+) group in the current study showed wider metabolic changes in the insula, ACC, MCC and midFC compared to SAS/SDS (−). This result seems to show that the anxiety/depression phenomenon may motivate the brain functional pattern to be adjusted to a more metabolically expensive organization. We inferred that the hypermetabolism may signal the viscera to meet its changes. That is to say, subsequent exposure to psychological disturbances may trigger or exacerbate dyspeptic symptoms. As Van Oudenhove and Aziz 13 described in a biopsychosocial model, psychological morbidity may cause an increase in physiological sensory signals, leading to abdominal symptoms we perceive consciously, which is consistent with our findings. Therefore, there may be a vicious circle of gastrointestinal disturbances and psychological symptoms. This circle may explain the overlapping brain regions in our results for processing visceral information and affective regulation. In a longitudinal study, Jones et al 29 validated a model that early life factors may be the initial drivers of mood disturbance and gastrointestinal symptoms via increased neuroticism. This model showed the maintenance of gastrointestinal symptoms relying on an ongoing interaction between mood disorders and abdominal symptoms. 29 In the present study, we found the correlations between anxiety/depression and dyspeptic symptoms based on glycometabolism in accordance with the model proposed by Jones et al. 29 The insula, ACC, MCC and PFC may be crucial for both visceral condition and emotional situation, thus their abnormalities may modify the emotional response and visceral state, promoting gastrointestinal disorders. That is to say, psychological aspects or gastrointestinal tracts, facing uncertain threat, may lead to the triggering and exacerbation of dyspepsia symptoms. Therefore, it is likely that psychological phenomenon and gastrointestinal dysfunction have interchanged cause and effect in FD patients. This may be why the directionality between psychological disorders and gastrointestinal symptoms is still not settled. 9 Curiously, a previous study 30 examined the brain differences between FD patients and healthy controls using PET-CT but did not find the potential effects of anxiety and depression on the cerebral glycometabolism in FD patients. This was different from the current results. Clinically, this discrepancy may result from the gender distribution or patients' condition including anxiety/depression symptoms and dyspeptic symptoms because of the consistent study design and SPM analysis. To clarify the reason, we evaluated possible correlations between gender and the disease in brain glycometabolism. Results showed no significant clusters from cerebral glycometabolism comparisons conducted on all subjects to determine gender by FD interactions. Therefore, the gender distribution may not contribute to this discrepancy. We speculated that the major reason may be that most FD patients were in the normal range of anxiety and depression in the previous study 30 as SAS/SDS (−), whose SAS and SDS scores were similar to healthy subjects. In the current study, however, nearly half of the patients showed mild anxiety and depression. Therefore, more work is needed to determine essential elements of the psychological effects on FD patients and the applicability of psychological treatments in diverse populations. There are still some limitations in the present study. The information on anxiety, depression and dyspepsia symptoms was evaluated based on the self-rating questionnaires. This assessment was subjective, thus there could be some bias. Furthermore, there were many influencing factors for the complicated psychology, such as chronic stresses from finances, fear, physical or sexual abuse and family discord. Therefore, in the further study, the influence of psychological components on FD should be understood in a more comprehensive way.
The study investigated the central mechanisms underlying a link between psychological factors and dyspeptic symptoms in FD patients. Results suggested that psychological factors may not just be an effect of FD; they may react on dyspepsia symptoms based on the brain-gut interaction. These findings may enhance our understanding of the interactions between psychological disturbances and gastrointestinal symptoms. 
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